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[Note: Names, addresses, company names and brand names are translated 
in the most common manner. Japanese language does not have singular or 
plural words unless otherwise specified by a numeral prefix or a general 
form of plurality suffix J 

(54) [Name of the Invention] 
Electret 

Detailed explanation of the Invention 

The present invention is an invention about an electret. In more details, the present 
invention is an invention about an electret, 

(1) which is formed as a film shaped or sheet shaped material, which is formed from 
copolymer material obtained from acrylic acid, methacrylic acid or maleic acid 
and ethylene or styrene, is used, and its two surfaces carry charges with a different 
sign, 

(2) which is formed as a fihn shaped or sheet shaped material, which is foraied from 
copolymer material obtained from the metal salt of acrylic acid, methacrylic acid 
or maleic acid and ethylene or styrene, is used, and its two surfaces carry charges 
with a different sign. 

As an especially appropriate method for the manufacturing of the electret according to 
the present invention, tiiere is the method according to which there is an electrical 
insulation material placed on one side of the film, sheet or molded material foraied from 
the above described copolymer material, and a high energy electron beam is irradiated 
towards the molded material from the side that is opposite to that electrical insulation 
material, and an electret is produced where the irradiated surface has a positive charge 
and the opposite surface has a minus charge. 

The goal of the present invention is to suggest an electret, which has on its two surfaces 
electrical charge with opposite signs, and whose electrical charge amount is large, and 
also, where the attenuation of the electrical charge is small. 

In the past, the so-called thermal electretization, has been studied, where an electrical 
field is applied to a polymer material under heating, and after that it is cooled as it is kept 
in the state where the electrical field is being applied, and polyethylene, polypropylene, 
polyvinyl chloride etc., have also been included in the polymer materials, which have 
been the subject of these studies. Then, regarding the electretization of the vinyl type 
polymer materials, the incorporation of carboxyhc radicals into the polymer material 
causes a decrease of the electrical properties and especially of the electrical insulation 
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properties, and from the point of view of the electretization, it has been possible to 
consider that as an option, which is not preferred. 

However, the authors of the present invention have conducted rigorous research and as a 
result from that they have observed that if the conditions are appropriately selected, an 
excellent electret is produced from copolymer materials obtained from acrylic acid, 
methacrylic acid or maleic acid, or their salts, and from ethylene or styrene. Especially, if 
the electretization treatment is conducted by using electron beam radiation, it is different 
from the thermal electretization used according to the previous technology and the 
electretization is achieved through a radiation treatment, which is and is done within an 
extremely short period of time. And because of that, the characteristics are present that 
there is no deformation or destruction of the fihn, sheet, etc., formed products, and not 
only that, but also, the amount of the electric charge of the obtained electret is extremely 
high and its electrical charge attenuation is small, and besides that through the selection 
of the raw materials, it is also possible to impart electric voltage properties and light 
guide properties. And because of that, tiiis material is extremely useful as a material for 
audio equipment, Uke microphones, pick up, speakers, etc., also, it is appropriate in 
electron copying applications or printing applications, and then in medial field materials, 
and especially, as materials used in medical instruments which come in contact with 
blood, etc. 

The electret material used according to the present invention is a copolymer material 
obtained from acrylic acid, methacryUc acid or maleic acid and from ethylene or styrene, 
or it is a material where a metal ion has been added to the above described copolymer 
material. However, it is also a good option if copolymer materials are used, which 
contain correspondingly two types or more of the above described components. Also, it is 
a good option if the above described copolymer components are used as the main 
components, and small amounts of other different components are contained as long as it 
is within the range where there is no deterioration of the properties. In the copolymer 
material, the amoimt of the acrylic acid, methacryUc acid or maleic acid is 25 mole % or 
less, and especially it is preferred that it is 15 mole % or less. Moreover, the term 
copolymer that is used here includes random, block and conjugated type polymer 
materials, and besides that it also includes polymer materials obtained by graft 
copolymerization. 

As the electret material according to the present invention, it is possible to use the above 
described copolymer material by itself, however, then preferably, the composition 
material is used, which is formed as a metal ion is added to the above described 
copolymer material. As the metal ion, which is contained in the above described 
copolymer material used as the electret material according to the present invention, the 
metals from the Groups I, II, in, VIII from the Periodic Table, especially, Na+, K+, Ag+, 
Cu+, Cu-Hh, Ca-H-, Ba-H-, Zn++, Fe-H-, Al-H-h etc., are preferred. 

The above described copolymer material which contains metal ions such as the above 
described can be produced according to the following method: usually, to a material 
obtained by the copolymerization of acrylic acid, methacrylic acid or maleic acid and 
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ethylene or styrene, or to copolymer material, obtained by the graft polymerization of 
acrylic acid, methacrylic acid or maleic acid onto ethylene or styrene, sodium hydroxide, 
calcium hydroxide, barium hydroxide, aluminum hydroxide etc., hydroxides of the above 
described metals, sodium acetate, calcium acetate, zinc acetate, etc., acetic acid salts of 
the above described metals, calcium oxide, zinc oxide, etc., oxides of the above described 
metals, barium stearate, calcium stearate, sodium stearate, zinc stearate, etc., high 
homologous order aliphatic acid salts of the above described metals, metaUic zinc etc., 
above described metals by themselves, are added and mixed. However, for example, 
these can also be produced according to the method whereby a styrene - acryHc acid 
copolymer material is dissolved in toluene, and to that a methanol solution of potassium 
hydroxide is added, and stirred, and in a state where it is a solution to a state where it is 
close to solution, ttie neutralization of the carboxylic radical, is conducted. Also, these 
can be produced according to the method where the neutralized by the above described 
metal acrylic acid, methacrylic acid or maleic acid is copolymerized with ethylene or 
styrene. 

Moreover, regarding the addition of the metal ion, it is preferred that the incorporated 
amount be controlled so that the bulk specific resistance of the electretized formed 
material becomes 10 Q cm or higher. 

The copolymer material used according to the present invention is made into a fihn, a 
sheet or a formed material, which is formed and processed fi-om those, and after that an 
electretization treatment is conducted, and because of that naturally, a molecular weight 
is necessary to only resist such forming (molding) processes, and it is necessary to obtain 
a material, which has the appropriate processing properties, namely melting or 
dissolution properties, however, there is no problem if after the molding it is rendered 
insoluble and it is not melted. The molecular weight is preferred to be at least 500 or 
higher, represented by the average polymerization degree. 

According to the above described, for the preparation of the electret according to the 
present invention, an electretization treatment is appropriately applied onto the above 
described copolymer material, which has been processed into a fihn, sheet, or closed 
tubular shape etc., items. As the fihn forming method, besides the method whereby a 
solution or a material, which is an state close to solution, is spread, the melt molding 
method, especially, the pressure shrinkage molding method, the injection method, the 
extrusion method, the vacuum molding method, the blowing method, the inflation 
method, the calendering mettiod, etc., are desirable. It is also possible to add and mix 
anti-oxidation agents, ultraviolet absorption agents, light stabilization agents, heat 
stabilization agents, etc., different types of stabilization agents, plasticizers, anti- 
electrostatic agents, flame retardants, filler agents, lubricants, etc., however, it is 
preferred that the added amount be controlled so that the electrical resistance of the 
obtained molded material, namely, the bulk specific resistance becomes 10 Q cm or 
lower. 

Moreover, the formed material can be non-oriented, uniaxially oriented, biaxially 
oriented, and all are good options. The thickness of the formed material varies depending 
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on the electretization method to which it must be subjected, however, for example, in the 
case when the electretization is conducted by the electron beam radiation treatment, it is 
desirable that the thickness of the single molded item be 1000 microns or less. And also, 
even in the case when the molded items are stacked and then treated, it is a good option if 
the total thickness becomes 5 mm or less. However, if the electron beam radiation 
conditions are changed and the radiation amount is made to be high, it is also possible to 
treat materials, which have thickness higher than the above described. In the case when 
the described below light radiation electretization treatment, thermal electretization 
treatment are conducted, because of the fact that it is a good option if the applied 
electrical voltage is constantly normalized relative to the tiiickness of the molded 
material, the limit of the thickness of the molded material is determined by the capability 
of the high electrical voltage generating equipment. 

The present invention is an invention about an electret, which has on its two surfaces 
electrical charge with a different sign, and which is obtained as electron beam radiation, 
or electrical field, heat, Ught etc., are applied to a material formed fi-om a copolymer 
obtained from acrylic acid, methacrylic acid or maleic acid and from ethylene or styrene, 
and preferably, from the above described copolymer containing a metal ion, and it is 
electretized. And because of that, here below, the main electretization methods are 
explained, however, the electretization methods are not limited to these electretization 
methods. 

(i) Electron beam radiation electretization method: 

Here the term electron beam has the meaning of an electron beam with energy of 
150 kev or higher, and as the radiation device used in practice, there are the 
Cockroft type electron acceleration device, the Cockroft - Fulton type electron 
acceleration device, the Van de Graf type electron acceleration device, the 
resonance transformation device, the linear type electron acceleration device, the 
Betatrone, the Dynamitron type electron acceleration device, the steel core 
insulation type electron acceleration device, etc. It is also a good option if there is 
an electric insulation material on one side of the above described copolymer, or 
preferably the above described copolymer material containing a metal ion, that 
has been formed into a film shape, a sheet shape, or a closed tubular shape etc. 
The irradiation is conducted so that the electron beam is direct relative to the 
material formed from above described copolymer, and this is achieved as the 
electron beam is irradiated to the formed material from the side opposite to the 
side of the electric insulation material, and it is a good option if at this time the 
distance between the formed material that is being electretized and the electric 
insulation material is made to be 1 cm or less, and it is also preferred that both 
materials are intimately adhered. Also, as the material that is being referred to 
here as the electric insulation material, besides polyethylene, polypropylene, 
polystyrene, poly tetrafluoroethylene, polycarbonate, polymethyl methacrylate 
etc., different types of organic materials, also, glass, ceramics etc., inorganic 
materials, and composite materials formed from both types above, are included. 
The radiation amount varies depending on the thickness of the formed material 
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that is subjected to the electretization, the radiation beam resistance properties, or 
the magnitude of the obtained electrical charge, however, it is preferred that it be 
within the range from 0.01 to 50 Mrad. The radiation time varies depending on 
the electron acceleration electrical voltage, the electron beam electric current, etc., 
however, in order to prevent destruction of the formed materials, it is preferred 
that it be completed as soon as possible and within several seconds. The electron 
beam radiation can be conducted in air and under normal temperature and 
pressure, however, it is also possible to be conducted in vacuxmi or in inert gas 
atmosphere like nitrogen or argon gas, and also, it is possible to have heating or 
hght from a Ught source such as a xenone lamp or mercury lamp, during the time 
of the radiation. 

(ii) Thermal electretization method: 

It is the thermal electretization method where alumina foil, etc., conductive material, 
which becomes a surface electrode is placed in contact with both surfaces of the 
molded material that is to be electretized, and two electrode conductive bodies are 
shorted, and by that an electrical voltage is applied, and electrical field is applied to 
the molded material and it is heated. In the state where the molded material has been 
subjected to an electrical field and it has been heated for a certain amoimt of time, it is 
cooled. 

Regarding the electrical voltage, which is applied at this time on both electrode 
conducting bodies, it is limited to a voltage which will not destroy the insulation of 
the molded material that is being electretized, and it is a good option if it is high as it 
goes up to that limit, however, it is preferred that it be from 0.1 to 1000 KV, relative 
to 1 cm thickness of the molded material. Also, naturally, the heating temperature is 
limited to the point so there is no melt flow of the molded material, and for the 
copolymer material, which is used to produce the electret according to the present 
invention, usually, it is preferred that the temperature be 200oC or lower. Regarding 
the heating time, it is sufficient if it is maintained at the highest heating temperature 
for a period of 30 minutes. 

(iii) Light radiation electretization method: 

Depending on the requirements, it is possible that an electrical field is applied in the 
copolymer material that is used according to the present invention and by that only it 
is simply electretized. However, in the case of the electrets such as these, a trend has 
been observed tiiat it could be stated that the electric charge attenuation is relatively 
fast. Then, it has been observed that the irradiation of light is effective at the time 
when the electrical field is being applied. Namely, in order to apply electrical field, 
electrode, conductive bodies are placed on both surfaces of the molded material that 
is to be electretized, however, on at least one of the surfaces an electrode formed from 
transparent electro-conductive material, is placed, and the electrical field is applied as 
light is being radiated. 

Regarding the electrical voltage, which is applied at this time on both electrode 
conducting bodies, it is limited to a voltage which will not destroy the insulation of 
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the molded material that is being electretized, and it is a good option if it is high as it 
goes up to that limit, however, it is preferred that it be from 0. 1 to 1000 KV, relative 
to 1 cm thickness of the molded material. As the light source used in this method, 
there are the mercury or the xenone lamps. In this case, the illumination at the surface 
of the material and the time of the Ught radiation, vary depending on the chemical 
composition and the thickness of the molded material, the magnitude of the electrical 
charge to be obtained, etc., however, usually, it is desirable that it be from 5000 
Luxes to 1000000 Luxes, and from 1 second to 5 minutes. Moreover, it is also a good 
option if prior to the electretization treatment according to the Ught radiation 
electretization method, an ultraviolet beam etc., is irradiated to the molded material, 
and the static electricity is eliminated. 

The authors of the present invention have conducted all the measurements of the electric 
properties of the electret after the sample materials have been left for 24 hours in a 
chamber where the temperature was controlled at 20oC and the humidity was controlled 
at 65 % RH, and the methods described here below were used to conduct the 
measiirements. 

(i) Electric resistance: 

The electric resistance was measured by using the high voltage power supply TR- 
300 B, manufactured by Takeda Research, and a co-oscillation capacity type 
electric potentiometer TR-84B, a co-ultra-high mega ohm meter and a sample 
chamber TR-4, were used, and by following the regulations according to JIS. 

(ii) Surface electric potential: 

A rotary static tester manufactured by Koa Shokai was used. This equipment has 
been produced in order to measure triboelectricity in the past, however, it was 
used without the installation of the material subject to the friction. 

The sign of the electric charge is was determined from its wave shape when an 
oscilloscope was attached to this device. 

(iii) Surface charge density: 

The following two methods were used. 

Parallel flat plate condenser: The surface charge density is obtained according to 
the described here below equation, from the surface electric voltage Va (Volts), 
measured by grounding the back sxirface of the experimental sample with a copper 
foil spread over at the experimental sample fixing location of the rotary static 
tester manufactured by Koa Shokai, and from the separately measured dielectric 
constant es. 

Va . es 

Surface Charge Density: ps = x 0.0855 x 1.0 

D 
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(Coul/cin2) 

Here, d represents the thickness of the molded material (cm), 8$ represents the value 
measured by using direct current according to the method that has been reported on pages 
144 - 147 of the Volume 4 of "Physical Measurement Technology". 

Non-polarizing electric current method: The method reported in the "Fibers and 
Technology" 2 (9), 649 (1970) by Komatsu is used appropriately as is, and it is a method 
where in the case where the electret is heated as it is in state where both surfaces of the 
electret are shorted, the amount of the electric current flowing through the circuit is added 
and the value, which is divided by the electrode area is tabulated. 

From the measurement results the described here below is understood. 

Even though there are variations depending on the electretization treatment and 
conditions, for example, if the electron beam radiation electretization method is used, it is 
possible to easily produce electret where the surface potential is at least 2000 Volts or 
higher, the surface charge density is from 10 to 10 Coul/cm^. Regarding this value, 
when it is compared to tile several values that are known relative to electrets, it is from a 
unit to several units larger, and this indicates that the obtained by this method electret 
according to the present invention is an excellent electret. Also, it is an electret where the 
attenuation of the electric charge is slow, and even after the passage of a period of 3 
months, there is ahnost no change from the initial value of the electric charge amount. 
Also, even after the immersion in water or an aqueous solution of an electrolyte material, 
the attenuation of the electric charge was low and this is very important characteristic. 

Moreover, it is an electret where there is no significant difference generated in the 
attenuation of the electric charge between the case when after the electretization 
treatment the obtained electret is stored at a bright location and the case when it is stored 
at a dark location. And it is considered that is due to the fact that by the electretization of 
the copolymer material tiirough the electron beam radiation, it becomes a material 
possessing photoelectric conductive properties. 

As it has akeady been reported, the electretization method by the so-called thermal 
electretization method whereby an electric field is applied as a vinyl type polymer 
material, containing polyethylene, polypropylene etc., poly - a- olefins is being heated, is 
known. However, tiio-e is no known example stating the preparation of a high 
performance electret obtained from a material such as a vinyl type copolymer material 
where carboxyl radical, which has been considered to be a material that is not preferred 
as a material to be incorporated from the point of view stated about the electretization 
according to the previous technology, or then, carboxyl radical and metal ion, have been 
incorporated. 

Regarding the present invention, it is not only simply an invention about finding an 
electretization method for the electretization of materials that up to now have been stated 
to be materials that xouX5 not be electretized, such as copolymers obtained from acrylic 
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acid, methacrylic acid or maleic acid and ethylene or styrene, and about the preparation 
of a novel electret. But also, for example, if the electron beam radiation electretization 
method used in the preparation of the electret according to the present invention is 
appropriately used on high density polyethylene, only electrets with a surface electric 
potential of 50 Volts or less, are obtained. And as it is clear from the fact that it is 
possible to obtain a high electric charge possessing electret, which has 2500 Volts from a 
polyethylene type copolymer material, that contains 7 mole % of acrylic acid, and where 
by usmg Zn++ 30 % of its carboxylic radicals, have been neutralized, and from the fact 
that a low density polyethylene with a bulk specific resistance of 10^^ Qcm, cannot be 
electretized at all according to the electron beam radiation electretization method used for 
the production of the electret of the present invention, however, the above described 
copolymer material, which contains carboxyhc radical, and more preferably contains 
carboxylic radicals and metal ions, and which is a material with a bulk specific resistance 
of 10^^ Qcm or higher, is said to be easily electretized, etc., facts, the ideas defined 
according to the previous technology have been completely destroyed, and the discovery 
of the additional result of the incorporation of the carboxylic acid radical or the 
carboxylic acid radical and the metal ion is very important for the technology. 

Then, in the case of the electron beam radiation electretization method and the light 
radiation electretization method used for the preparation of the electret according to the 
present invention, compared to the used up to now thermal electretization method, not 
only are the electretization procedures significantly simplified, but also, the achieved 
electrical charge of the obtained electret becomes significantly increased, and also, 
especially, an electret is produced where the radiation surface has a positive electric 
charge and the opposite surface has a negative electric charge, which is important for the 
electron beam radiation electretization method, and from this point of view, this is an 
important characteristic of this method. The fact is that the use of the electron beam 
radiation electretization method for the preparation of electrets which have negative 
electric charge on both surfaces is already known for poly tetrafluoro ethylene, 
polyethylene terephthalate, polycarbonate, however, the preparation of the electret where 
the radiation surface stably holds a positive electric charge and the surface opposite to 
that stably holds a negative electric charge, which is obtained according to the method 
used in the present invention, has not been known at all. 

Here below, the present invention will be explained by using practical implementation 
examples. 

Practical Example 1 

lonomer - Sarin " # 1557 (ethylene - methacrylic acid copolymer material (20 mole % 
methacrylic acid) containing 2 % Zn-H-), manufactured by Du Pont Company, was made 
into a film with a thickness of 150 microns by using a heat pressing method, and this was 
spread over a glass plate, and an electron beam was irradiated in an air atmosphere from 
the side opposite to the glass plate, by using a Van de Graf type electron acceleration 
device. The acceleration electric voltage was 8 cm/min, and the radiation doze was 5 
Mrad. After the radiation, the fihn was removed, and the obtained electret was left to 
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stand for 24 hours in a chamber at a temperature of 20oC and a relative humidity of 65 
%, and the static electricity effects etc., were removed and after that when the surface 
electric potential was measured according to the described above methods, the radiated 
surface was + 2500 Volts and the opposite surface was -2500 Volts. The surface charge 
density calculated according to the parallel flat plate condenser method, was 5.2 x 10'^ 
Coul/cm^, and the surface charge density calculated according to the non-polarizing 
electrode electric current was 0.9 x 10"^ Coul/cm^. Moreover, this electret, even after one 
month, had electric potential of +1500 200 Volts on the radiated surface and -13090 ^ - 
1800 Volts on the surface opposite to that. 

Practical Example 2 

Polyethylene copolymer material obtained by the copolymerization of 15 mole % of 
methyl methacrylate and 5 mole % of methacrylic acid was ion bridged by using sodium 
hydroxide. The melt index prior to the addition of the sodium hydroxide was 3.6 g/min, 
and after the addition, it was 0.16 g/min. The obtained by this method polyethylene 
copolymer material, containing 1.4 weight % of Na+, was made into a Sim with a 
thickness of 150 microns by using a heat pressing method, and after that this was 
uniaxially extruded in air environment at a temperature of 90oC. The orientation ratio 
was 4 times. This was then spread and adhered over a polyethylene sheet and when it was 
uradiated by an electron beam of 0.5 Mrad fi-om the side opposite to the polyethylene 
sheet, an electret was obtained, where the radiated surface carried a positive electric 
charge and the surface opposite to that carried a negative electric charge. Moreover, 
electric voltage properties were observed in this electret. 

Practical Example 3 

Aluminum hydroxide was added to polyethylene copolymer material containing 15 mole 
% styrene and 5 mole % methacryUc acid, and it was partially made into an aluminum 
salt, and after that, a film (containing 0.8 weight % Al) with a thickness of 50 microns 
was produced by using the heat pressing method. To this an ultraviolet light was 
irradiated for a period of 10 seconds and after that this was placed between nesa glass 
electrodes, and 1000 Volt electric voltage was applied on both electrodes, and an electric 
field was applied to the film, and from the side of the plus electrode a light from a xenone 
lamp was irradiated so that the illumination level at the surface of the experimental 
material became 120000 Luxes. The time period of the irradiation was 30 seconds. The 
obtained electret carried an electric charge of +500 Volts on the surface of the side, which 
was light irradiated, and -460 Volts on the surface of the opposite side. 

Practical Example 4 

When the same fihn as that used according to the above Practical Example 3 was used 
and the radiation by the xenone lamp light source was not conducted, but only an electric 
field was applied, an electret was obtained, which carried an electric charge of +300 
Volts on the surface in contact with the plus electrode, and -420 Volts on the surface of 
the opposite side, however, after 3 days, there was a decrease to 50 volts or below. 
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Practical Examples 5 8 

Different types of films were placed on a polymethyl methacrylate plate, and fi*om the top 
a 5 Mrad electron beam was irradiated and the results shown according to Table 1, were 
presented. 



Table 1 



Practical 
£xaix^)Ies 


Radiated Film 


Surface Electric Voltage ** 
(Volts) 


Material 


Type of 
contained metal 

ion 


Orientation"' 


Radiated 
surface 


Non-radiated 
surface 


5 


Ethylene/vinyl 
acetate/acrylic acid 
copolymer 

(vinyl acetate: 10 mole 
%, acrylic acid: 20 mole 
%) 




NO 


+860 


-790 


6 


Ethylene/methacrylic 
acid copol)mer 
(methacrylic acid: 20 
mole %) 


Na 

(3.45 weight %) 


UO 
(x2.0) 


+1200 


-1100 


7 


Ethylene/methacrylic 
acid copolymer 
(metfaacryUc acid: 20 
mole %) 


Zn 

(4.9 weight %) 


BO 

(x 3.0x3.0) 


+2850 


-2630 


8 


Styrene/acrylic acid 
copolymer 

(acrylic acid: 10 mole %) 


Ca 

(0.55 weight %) 


NO 


+520 


-580 



Moreover, in the case of the Practical Examples 5 - 8, the bulk specific resistance of the 
fibns was 10^^ Qcm or higher. In the case of the electret obtained according to the 
Practical Example 7, when it was stored in a dark box for a period of 1 month, the surface 
electric potential was 2850 and there was almost no attenuation, however, the one stored 
in a bri^t location became 2000 Volts. Then, when Ught fi-om a xenone lamp was 
radiated towards the electret obtained according to the Practical Example 7, for a period 
of 5 minutes, the electric charge became 50 Volts or lower. 

Practical Example 9 

From a copolymer material that was obtained as zinc acetate was added (3.2 weight %) to 
a copolymer consisting of 97 mole % ethylene and 3 mole % anhydrous maleic acid, a 
film with a thickness of 50 microns was produced by using the pressing method. This 
film was placed between aluminum foils, and an electrical field of 500 V was appUed so 
that there was no shorting, and it was heated to 90oC. This was maintained for 30 
minutes at this state and in the state as the electric field was being appUed, the fihn was 
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cooled down to a room temperature. And when that was done, an electret was obtained 
where both sxirfaces carried electrical charge with different signs. 

Practical Example 10 

The film according to the above Practical Example 1 was not spread over a glass plate 
and the fihn and the glass were placed at a distance. When the film and the glass plate 
were placed at a distance of 15 mm, there electretization was not possible, however, in 
the case when that distance was made to be 5 mm, and in the case when it was made to be 
9 mm, electrets were obtained where the surface of the side irradiated by the electron 
beam radiation carried a positive electric charge and the surface of the opposite side 
carried a negative charge. 

Practical Example 11 

Three pieces of the fihn obtained according to the Practical Example 6 were stacked and 
this was then placed on the top of a glass plate and the air in the ambient atmosphere was 
exchanged with nitrogen, and then to that an electron beam of 0.25 Mrad was irradiated 
firom the side opposite to the glass plate. Electrets were obtained where all of the surfaces 
of the sides where the electron beam has been projected were positively charged and all 
the surfaces of the opposite sides were negatively charged. 

(57) Scope of the Claims of the Invention 

1. Electret, which is formed as a film shaped or sheet shaped material, which is 
formed fi-om copolymer material obtained fi-om acrylic acid, methacrylic acid or 
maleic acid and ethylene or styrene, is used, and its two surfaces carry charges 
with a different sign. 

2. Electret, which is formed as a film shaped or sheet shaped material, which is 
formed &om copolymer material obtained from the metal saU of acrylic acid, 
methacryUc acid or maleic acid and ethylene or styrene, is used, and its two 
sxufaces carry charges with a different sign. 

Patent Assignee: Toray Company 

Translated by AlbenaBlagev ((651) 735-1461 (h), (651) 704-7946 (w)) 
03/23/02 
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mmrnnKz a 6 s 

:^l^<^filLl2 01 0 iO 
^-rfiHOJ 2 <0 1 5 

S A ifm± \iJA:dt iS 

(1) r^y/t^m^ /^^yjt^etitztt-rv^ym.so 

■C4>?>o 35 



^*i^'t'tClt#i;x^V>'. jK'J yetfuy, 

It-^Wi'SI. fci\.*tt£iie>«>jfeJW[l:xf-u 

fc«^«M«KJ:Sxw h US' Mklfla*?f£ 
««-C, S<ffii^lBofllW*aaicJ:r>'Cxu^ h 

#6*ifcxu^ h US' h<omSM7i¥^1ISK±^\.- 

U A'«, ij A'fl|{4fc»*-^ t'-f i/flik xf - u 

X 4 fcltJ^^ UJ^ k 0*a^» Jb isv MIJJB* 

Lt:iJ:v.-o 4fc. ±E^^fi^^jS^4r^^k 
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(2) 



a 5 1 - 2 3 0 4 0 



3 . 4 

V it. MJtiif^^ I . n . in . n0i)c«-t i i < K^mim. ainmfm^ # 

0-e» t <»CN»+ . K+ . Ag+ . Cu+ » tilLjSJOg^. gUffiJSS^ffi, 

Cii-H-, C a-H-, Ba-H- j Z.nHf . Fe-H-,AAH- -va^iS, * u>'^-ft)^£i;:^Ja4 Lv-o fiitJ^ 

^i^>'4)t»t^^v/>'t*m'&-S«?)3&feJcJ:^ *5ll9it, T:^ y A.gt, U A'R4te»t-^■ 
^:io< i&ct:iftJ*&o u-f xBRtxf-i/ytfcii^f-uj/o^X'&t*^ 

h US' h-fbi-^^S^oft^KS^tSaft^O^lOi 3(1 KsKV'HfUiitf ««. ift. jfc<c2;'«:AijL%£:2: 
oiJfeLbrc&iJ: 5»c«A»*H«-J-*t4i#a4 40 nciotxu^ huy HkLt^lbH, Mffi^sft 

H.>o «F#o«?(f«:*-rax u^ hu/y ncB8-tii,<o 

4:§S9B*cteM-f i^fi'S^"^ 7/1-^ A, -y- -eS) 2fcK£&4xu^ hus'h'fk^'fife* 

K fc2.v.-tt%He>ir»?>ria^*ia:*Ksj3t3^ic sin-rs:*!, xu^ hus' Kko:^ffi«:j:ite>o 

L%<pe>. xui? h US' Kkiiaai**-tO"tJ» -t 3?«fe*iVj-H:l!R5S«n6te«-C»ift:«.»o 
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C3) 



B5 1-23040 



5 6 

(i) «^J»lf*«^^ bi^s* HBfe: IcB^OO.IteV-Ll 0 00KV;M5*U>o « 

c C-t^VfS^ 9 iOi£ 1 5 0 key J1^J:<0 x fe;in]fMaK(tj^»iMfi):^jS|g0RgfrL :fl:v>|6eaK 2: 2f 

as. ^-B'h vM«?-*nj&S. 5 K 2 0 0 r jy.T;dJ2.* L w Jnffe^Mi** «A;lni 

^*<0±!B*fi'&#<0— «Vcm5!U6«^**>'C;J5 i-iK to J: 9 fcL t:#6iifcx buy 
4J: 9»c, «aj|68«*:ofllt»fi^o«*-e»J5S9K =So •t£'C«»*3!»»«"4BRlc, jt4:Mlt^?>o*J 
^ buy KfcLJ:9 2:i-%«»*fc««l6»*2i JS *i*it5te*.K:»i W h uf KbtJ: 5fe-f4 

uy. tK'J ;^^uy, >ffU 4 7y-fbx^u>'^ *f Lft^&WB^J&^H-iO-efcSo 

ij J., dfij >f^A*> ij u-mt2? a> coRfi«a»*aJJirt4«E«% j*JI^*jKft« 

xu^ n^s' KbL 1 5 t-r4jS5®% 1 aao KVo|gH;*«4U\.-o co^ffiKttm 
l:0^*«fef»cio-CS*c4*s; o.o i^tv^L 2S&4o to«#, KJRSai*c*J«-5RRK3*J:tFjt 

s 0 Mr ad <nmaimtL\-o nsjmwvt. « iRiajf^MK:^ mmsoit^iMBM^m^ ^a^t 

5ft:*il*»e>o**r|B|BSHRWi-aJ:2i%"Ct2»o iM5ett. ■r><-C 2 o r . 6 5 %RH«offl8aSrtK: 
(0) i»xu:^ h 1x3' bflife : 35 2 4 «pMJ!jUitt*L ^tKftKov^"C» l^o:»i£% 

TA'5?SOJ:9i^£ffi«ffi2:yi:2»3Wt:*ffi«l**, (1) ««SSt: 

«E%ajjnL-c. jsa^KWftti^w-tijniijki-So 9-1 TB-3 0 0 B, msam^MwmtR- 

laii-ai:\.-9 «0*^xv^ b uy b'fbjEfe-C4>So n^y^J^ ' ^•Vx^-f- TE-4 2 4;fflV--C, 

xy-y YitLii'iti-i^^<om!mi^^\:-tt (11) 



(4) 



4?c2r SB 5 1-2304 0 



7 8 

«iB«?(f«K : — ^.^—1 x 0.0 8 5 5 x 1.0 

' C Coul/e«« ) 

lEl»K:Jltix*«»**aj|:L"C, «ffi<o®«-ea! *fS8l*¥»c. j: o J: 5ft: ^^^^^ 
11112(9) 6 4 9 C I 9 7 0 ) lB«lO:5ffi4r*0 :/tO#efi^i:V-5Cix4"t-K:xu^ b^y I. 

xv^ h US' hft<Di!ya^Afl:»cJ:otJt5:^, 5*^^}••r^Zt<, fct iL*"J*fliaoxv^ h US' h 
fciA.««?-iaORI*xu^ h uy ^'fb26*fflv^% *f**»cfflv.>felx"t\.-%«^HR«xu^ h US' 
i.^ ^®«ffi2 0 0 0 »K> h45U:- ie®«W«K Kbffi4:K«fK'K 'J x^u>'jciaffl-rit|5ffi« 
1 0-5 fev^L 1 0"' Coul/oi* i:V^5 i 5 2S tts 0 jI^a/ h^jATOx u^ h US' h LA»#6K/t 

CJLteilitCixitHc, xu^ huy Hcov» ^OA-v^+yA'ltos 0%**J»Lfc#«J xf- 
•CftJfeil'CV^ ?»ttffltKik'>:X— Hf&V- LtMff^* uyji?iti-&f*:3!l»6» 2 S 0 0 jKa^ h 5 K« 
N^%0'e£o;5fe-C»eix**56««xu^ hu I54%r*-f5xu^ h US' h*»*T:-t4tv-5<i|| 
3' h:S^^0»tc»ifc%OtS>53EP'4^'t4<0-C-i 30 #:«B*aa5t#l 0 OcBOfittK^K U x 

4o *fcW^o««ia<» 3 *Beia^»ca»^^ f-uxn, *f£5lxu^ buy b^rf^stcfflv-b 
•C^«t^^rt0ffl«l^f*fe*^tl'tv^«tv^%o4 *i*«MM8JBxu^ buy hftSsKlot^X 
*tojc^«»K*»«»c»itL*:*»t4, xu^ buy hft*it&v-o»c*jnK*s^/u«J: 

fci*. xu;^ hus' b^kiJiaoate, »&ivfc 35 «'t?)«ilBO*a'6f*:»tfMlil*S«:i 0"Qc» 
xu^ h US' h4:?B4(.»}5fK:<5i^LfcJ*#i:» * JfeU:0%o*^SSK:xu^ b US' bffc^iiatv.- 
xu^ h US' hfl:K:i-3'C*at'&#)&J*Wm'i: **s'-»i.||t^|l'(*>'i:0»»AagM&«4r£v> 

i"CK5B'<^l 5K:^ iK'Jx^ui'. iKUT'n $ p>K*5Sa<oxu^ bus' ^1ff^?.^cfflv,^e> 

t'uvoj: 9ft:rf*«J~tf-*u7^>'*'S-trvr~ ix2>«T«J«S*xu^ h US' h^lfe^jtMJ»xu 

-n'«m'&f*:*»nffeLZt;*se>m«**»»3'av*fc'^i ^ h V'S' h-riafejt, C.iv4-C©«xu^ h US' h 

HUxui? b US' b-ffcte-Cx u^ b US' b-fttSJ: <fcatlcifc'<-C. X u^ b i/s' b^aif^*«»c« 
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10 



< u-^ bus' h ^bttJCOVv-cjHf H ^ ;^-*«*«'ft::^ h «J A«Jn^;jj 3.6 

ItHtvU JM*M;**jEO«?!f 4r %t>, SWIBidJft ^/m i n , jRJPa^d^ 0.1 6 ^/m i n "eJboto, 

•tjibo-c, £ b^k c o^^ffio^t «:#St;6si> 4o uj^ -Cfff 1 5 0 ^j'o 7 .{Vah:' 

SIttM 1 ^tr#1JXf^U5/^«^tC*«<bTA'5*l?A 

# 1 5 5 7 ( x.'9-\yy~:^ fifi 'J ^ft^fi'&tf: i^^ffilC Jcotfll^S 5 0 /lO 7>f A' a( a£0.8S 

(>^^yj^»2 0*A'%)Zn4f 2%fFt)4r »%^* ) 4rf^;«Lfco £ iiK*^* 1 0 ig^M 

»7'UJ^ffi-eff«l 5 0/iO7'fA'A(cL» Cit 20 |RlltLt*»e>, UiiiB*»b**3tf ^-xWitMt*;^, 

•?-«%RW*Lfeo »na«E«l Me V» jt%RR«LKfifSffi-eoflllgtJ>«l 2^-vy;^xjc 

«E«»1 0 0 /lA. hjtffaK»t8e«/m in ^tSJ: 5»cLfco flR««pHI»43 Oi^-eJbOfco 41 

A«r«:iSL. Wbnfcxu^ hus' Kr.2 0ic» :d5+S0 0*>h. RSJ**|©Bff*s- 4 6 0 jJf-v h 

6 S%BH©aHai)c2 4«liattKLX»«Sl:D: ©«!^4:i^o<Cv«^ 

«a i'r >'1^^feK^£'^ tfi-Jt L t 7.*«iR»cftu imi)i+ 3 o o iK/u h , 

. 5.2 X 1 C o u I/CB* -C, Kfl-aWttJ SSl!Hi*«-4 2 O.aJf^ K©««f5kioxu^ h u 

fill|*ffi;dS+l 5 0O'«.2O0 0'K>i/h» R3ltffiiffi35 5li6<^ S~8 

:6J-1 3 0 0^1 8 0 0 h©«ti:%:*Lt:v> Ma ©^^ A4:*rij »J v- h«i 

fco itefllV^T. ±355i>»b 5 Mr a d 

2 L«l ©liMR^ff^Co 
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(6) 



B51-23040 



9mm 



n 12 
m i 



«• « •• ■ jfm^momn m m • mm t^mie 

5 tf-i/'>'/»vf/ - NO +8.6 0 -7 SO 

( i^tir : 1 o *A'% i ' ^ 

t 'J : 2 0 5 ^ 

6 xf-U'i'/'^i^iJ'iJ Na UO +1 2 0 0 - 1 1 0 0 
^^^^ (3r.4 5*«%) (X2.0) 

7 3:^uj//p«^;?iJ^a -Zn BO +2850 —2 630 

C 4.9aft%) CX3.0X3.0) 
( / y A-flli : 2 0 ^A-Ji ) . 

8 J^^i/'V/T^ 'jA^ft Ca NO +5 2 0 -5 8 0 

. . « NOtt^teffiffv UOfi-«S#. BOI*ZliBS#*, items' 3 

^a»*ifi^^ 5 ~ 8 Jt« 7-fA.AOfj:8iB^ffifi[; HJfi^iBi Ki^<.»■C7'^-<^A^:;»7J^«teS#^^■ 
h Vie.. BS»fftJl*fllHI«»UtefcC** ^-f /^^t 9x«t<oE(»*r 1 8wii-f St* 
ffiMffitt 2850>KA'^^:^3ii,^ lf«Sl L -Cv-^/x u^^ y h ftt* ttt^^fzii^ 5ntL fciS'fr. 

WJtS 0>ifA.hJKTK:fto*:o ^Mt^ 11 

*Ji« 9 llilHW6-effl\,-te7-f^A4r3<JdHa-C. 
x-f-ux9 7^^-%^ M^^^'t y9ii^J^% 35 ^m±Kmi9m9^■^9M9kLXC1xKil7x 

i^hm^^n^Bifi-K. s^smiSf^maLXi 3.2 «tit^oflid^e>o.2 5 Mr a doc^ie^jis 

®(0[HI(c(:t;S;^ ^L^v^J:9K:L-C5 0 0V \yy hiimhi^ls^ 
<OW»^d-if. 9 or i-e2)l8l^L«:o 3 O^N-^ 40 &imm^<OKm 

att:-?^^l^fct 7 A- tx^vxiAitt^f^vi'i.o^a-^d^bjS?) 

mm 1 0 <omi54:%-tia: W h US' h„ 
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13 14 

0^««lli.*^V':^<fc«UX^Uxi.©^£^ '/^ 184 0-7 3 9 4 ' 
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